Introduction
Microparticles (MPs) are small (100-1000 nm) membrane bound bodies that are released from cells during activation or cell death 1 A crucial step in the MP formation is the loss of plasma membrane asymmetry leading to the exposure of phosphatidylserine (PS) 1 . PS on the MPs allows their detection by flow cytometry using annexin V. Also, flow cytometry can be used to determine the cell type that released the MPs since MPs possess cell surface markers of their cell origin. In addition to membrane bound cell surface receptors, MPs can also contain mRNA, microRNA, cytokines and growth factors 2 . In fact, it was shown that endothelial cells incubated with MPs derived from cells expressing mRNA encoding green fluorescent protein (GFP) subsequently expressed GFP 3 . Thus, MPs can act as mediators of cell to cell communication, either locally or at a distance via the circulation.
While platelets are the primary source of MPs in the circulation under normal conditions, MPs released by monocytes are increased during experimental human and mouse endotoxemia 4, 5 and systemic bacterial infections 6 , as well as other diseases [7] [8] [9] [10] [11] . It is thought that these monocyte MPs may contribute to disseminated intravascular coagulation (DIC) that often occurs during sepsis. The highly pro-coagulant nature of MPs is likely due to the exposure of PS on the MP surface and the expression of tissue factor, the primary activator of the extrinsic coagulation cascade. Interestingly, elevated numbers of CD14-positive, tissue factor-positive
MPs were found in a septic patient with DIC 6 .
Elevated pro-inflammatory cytokine production also occurs during endotoxemia and sepsis. One important pro-inflammatory cytokine upregulated in response to bacterial infection and lipopolysaccharide (LPS) stimulation is interleukin-1 β (IL-1β). IL-1β is unusual because it does not contain a N-terminal signal sequence for secretion and therefore must be released from the cell via an alternative mechanism. In addition, it is synthesized as a larger precursor protein that must be cleaved into the active cytokine. Cleavage is mediated by an active
For personal use only. on October 24, 2017 . by guest www.bloodjournal.org From inflammasome. The LPS activated inflammasome contains the nucleotide binding domain, leucine rich repeat containing protein (NLR) NLRP3, an adaptor molecule known as apoptosisassociated speck-like protein containing a CARD (ASC), and caspase-1 12 . The current model suggests that LPS induces a conformational change in NLRP3 that allows interaction with ASC, via homotypic pyrin domain interactions 13 . Importantly, it has previously been shown that IL-1β
can be packaged and released in MPs, and that this process requires ATP activation of P2X7, a receptor required for inflammasome activation and IL-1β release 14 .
Pro-inflammatory cytokines, such as IL-1β and tumor necrosis factor-α (TNF-α) induce the expression of cell adhesion molecules, such as intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and E-selectin, on the endothelium. The expression of these cell adhesion molecules facilitates binding of leukocytes to activated endothelium which is critical for a functional immune response 15 .
Previous studies have examined the role of both platelet MPs and leukocyte MPs in the activation of endothelial cells. Platelet MPs generated by shear stress induce the expression of ICAM-1 on endothelial cells, but the underlying mechanism is unclear 16 . In addition, MPs from collagen stimulated platelets have been shown to contain IL-1β, and that these MPs amplify inflammation in an arthritis model 17 . Mesri and colleagues 18, 19 have shown that blood-derived MPs, likely neutrophil-derived MPs, activate endothelial cells and induce the expression of tissue factor and cytokines, such as IL-6 and MCP-1. Aharon and colleagues 20 found that monocyte MPs, which were generated by co-stimulation with LPS and calcium ionophore, could interact with endothelial cells, induce apoptosis, and induce tissue factor expression.
Importantly, the mechanism of endothelial cell activation by MPs is not fully understood. 
Cell Culture
HUVECs were purchased from VEC Technologies, Inc. and cultured as previously described 21 and used at passage ≤ 5. The human monocytic leukemia cell line (THP-1) was purchased from ATCC (TIB-202) and cultured as previously described 22 . Generation of shNLRP3 THP-1 and empty vector cells has been previously described 23 . Peripheral blood mononuclear cells were isolated as previously described 24 .
Microparticle isolation
THP-1 cells and PBMC (1×10 6 /mL) were treated with or without 5 µg/mL of LPS for 24 hours in culture media as described above. The cells were centrifuged at 500 × g for 5 minutes
For personal use only. on October 24, 2017. by guest www.bloodjournal.org From at room temperature. The supernatant was collected and centrifuged at 1500 × g for 15 min to pellet the cellular debris. The supernatant containing MPs was centrifuged at 20,000 × g for 15 minutes at 4°C to pellet the MPs. MPs were washed twice with phosphate buffered saline (PBS) and re-suspended in PBS and stored at -20°C until use. The amount of MPs was quantified by the total protein concentration measured using a Dc protein Assay kit (Bio-Rad).
Endotoxin detection in the MPs samples
Levels of endotoxin in MPs were detected using a ToxinSensor TM Chromogenic Limulus Amebocyte Lysate Endotoxin Assay Kit obtained from GenScript .
IL-1β and TNF-α ELISA
Levels of human IL-1β and TNF-α in MP lysate or cell culture medium were measured using Duoset ELISA Kits (DY201and DY210, R&D). 
Flow Cytometry

Western Blot
HUVECs were cultured in 6-well plates. Confluent HUVECs were serum-starved for 4 hours, and then incubated with MPs (0-300 µg/ml of total protein), TNF-α (10 ng/mL) or LPS (1 or 10 µg/mL) for the indicated time in a serum-free M199 medium. For inhibitor experiments, HUVECs were pre-incubated with MG-132 (5 or 10 µM), Bay11-7082 (5 or 10 µM), polymyxin B (10 or 20 µg/mL), TAK-242 (1 µg/mL) or Kineret (1-100 ng/mL) for 30 min before the addition of MPs. HUVECs were then washed twice with ice-cold PBS and 100 µL of cell lysis buffer (20 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM β -glycerophosphate, 1 mM Na 3 VO 4 and 1 mg/mL leupeptin, pH 7.5) was added. HUVEC nuclear or cytosolic protein was prepared using a nuclear extraction kit (Affymetric-Panomics, Imaging System (LI-COR Biosciences).
Binding of microparticles with endothelial cells
HUVECs were cultured in 96-well plates and serum-starved for 4 hours in M199 media.
MPs were isolated from LPS-treated THP-1 cells as described above. Isolated MPs were stained with 1 µM calcein AM (Molecular Probes) in PBS for 40 minutes at 37°C, then washed twice with PBS. MPs were resuspended in PBS and incubated with HUVECs in M199 media for 0.5-4 hours at 37°C. After washing once with PBS, fluorescence was measured at 490 nm using a SpectraMax M5 plate reader (Molecular Devices). Background fluorescence of cells alone
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Real Time PCR
HUVECs were stimulated as described above. Cells were then lysed in RLT buffer (Qiagen) and RNA was isolated using RNeasy plus mini kit (Qiagen). RNA was quantified and equal amounts were reverse transcribed into cDNA using the RETROscript Kit 
Statistical analysis
Data are expressed as mean ± standard deviation. Differences between different groups were analyzed using a Student's t-test, one or two-way ANOVA (Dunnett post-test) where appropriate as indicated in the figure legend. A probability value of p < 0.05 was considered statistically significant.
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Results
MPs from LPS-treated THP-1 cells bind to endothelial cells.
We used a monocytic cell line, THP-1, to generate MPs in vitro. E-selectin mRNA expression at a dose of 100 µg/mL ( Figure 3A ). In addition we observed a dose-dependent increase in protein levels of all three cell adhesion molecules in HUVECs ( Figure 3B ). In contrast, MPs from untreated THP-1 cells had no significant effect on expression of the adhesion molecules at a dose of 100 µg/mL ( Figure 3A and 3B) or even up to a 300 µg/mL dose (data not shown). We also observed a dose-dependent increase in VCAM-1 protein by HUVECs stimulated with increasing concentrations of MPs from LPS-treated PBMCs ( Figure   3C ). Of note, the positive control, 10 ng/mL of TNF-α, induced higher levels of the adhesion molecules than MPs from LPS stimulated cells ( Figure 3B and C) . Finally, the NF-κB pathway inhibitors MG-132 and Bay11-7082 abolished VCAM-1 protein expression induced by MPs from LPS-treated THP-1( Figure 3D ).
The activity of the MPs is not due to LPS contamination.
Though the MPs generated from LPS-treated THP-1 cells were washed twice with PBS, it is possible that LPS was not completely removed from the MPs. We measured the levels of 
NLRP3 knockdown in THP-1 cells reduces levels of IL-1β in MPs
NLRP3 is required for the generation of mature IL-1β. In order to determine if the inflammasome was required for the packaging of IL-1β in MPs, we utilized THP-1 cells with a stable knock down of NLRP3 and control cells expressing an empty vector. As shown in Figure   6A , we confirmed the NLRP3 protein expression was reduced 80% in shNLRP3 THP- for VCAM-1 (40%) ( Figure 7B ) and for E-selectin (50%) ( Figure 7C ). Higher doses of Kineret (1 and 10 µg/mL) had no further inhibitory effect (data not shown).
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Discussion
In this study, we found that monocytic MPs bind and are internalized by HUVECs. It has previously been described that MPs may act to transfer cell surface receptors from one cell to another [35] [36] [37] [38] . Most relevant here, some MPs from atherosclerotic plaques were able to fuse with the endothelial cells and transfer ICAM-1 from the MPs to the endothelial cells 30 .
Similarly, we found that MPs derived from LPS-treated THP-1 cells contained ICAM-1. which is not expressed by platelets. While TNF-α is recognized to be a soluble cytokine, it is first presented in a membrane tethered form on the expressing cell and is then cleaved by the metalloprotease, TNF-α converting enzyme (TACE) to release the soluble cytokine. In fact, a recent study showed that the membrane bound form of TNF-α is functional and even more potent than the soluble form of the cytokine 43 . Importantly, we detected TNF-α in lysates of MPs Normal human plasma contains 2-4 µg/mL of MP protein 46,47 but leukocyte-derived MPs are less than 10% of the total 48 . The lowest MP dose we used (25 µg/mL for THP-1 and 5 µg/mL for PBMC) may be higher than the pathophysiological levels in the circulation. However, levels of circulating monocyte MPs are dramatically increased in sepsis, although the protein concentration of MPs under these conditions is unknown 4 . In addition, the contribution of MPs to inflammatory signaling in vivo remains to be determined. One mitigating factor is the presence of the phospholipid hydrolyzing enzyme, secretory phosphlipase A 2 (sPLA 2 ) which is upregulated during inflammatory conditions 49 . It is possible that sPLA 2 contributes to the degradation of MPs in vivo, thus diluting the potential effects of IL-1β loaded MPs. Nonetheless, IL-1β levels in our MPs are likely underestimated, since a portion of IL-1β within the MPs may be released into the supernatant during isolation procedures using centrifugation 14 . Moreover, we found that the amount of IL-1β in MPs from isolated LPS-treated PBMCs was greater than 1 8 
